INTRODUCTION
The objective of the ATD program is to provide line replaceable turbopumps for the SSME. These turbopumps are to be more durable than the baseline SSME turbopumps, but should not change the engine balance.
A series of aerodynamic rig tests was conducted by Gaddis et al. (1992) to measure the performance of the ATD high pressure fuel turbopump (HPFTP) turbine.
The results would then be compared to the results of the baseline HPFTP turbine tests conducted by Hudson et al. (1991) . During the analysis of the data, an interesting phenomenon was uncovered. 
METHOD OF SOLUTION
The flow fields for the test series previously described were numerically analyzed using a 2D, time-accurate, viscous code.
The methodology, approach, and grid system are discussed in the following sections.
Code DescriPtion
The CFD code implemented in this study was STAGE2. 
Code
A DDIication The modified SSME ATD TTA has a vane to blade ratio of 54:50:54:50. For this numerical study, the turbine was modeled as having a 1:1:1:1 ratio. The vanes were scaled by 54/50 to provide the correct blockage.
For the test series, the first vane clocking positions were spaced at 0.02327 rad (1.333°) apart for a total of 0.11635 tad (6.667°), or one vane pitch.
The delta between clocking positions could also be viewed as 20 percent of the vane pitch. Each of these positions provided for a unique flow field. For the analytical investigation, the delta between each clocking position was 20 percent of the scaled vane pitch (Figure 3) . Because of the modeled 1:1:1:1 ratio, the scaled vane pitch is 0.12566 rad (7.20°), and the delta between clocking positions is 0.02513 rad (1.44°).
In addition, because the turbine is modeled with an equal number of vanes and blades, positions 1 and 6 provide an identical flow field. The 16 inlet struts that were included in the experiment were not modeled.
Previous analysis of the ATD HPFTP turbine by Griffin and Rowey (1993) showed that the strut wake persists through the first stage vane and impacts the first stage blade.
Its effect on the second stage is unknown. To model the turbine flow path more accurately, the strut and the interaction of its wake with the first stator wake should be modeled. However, with the addition of the struts, the The total number of points in the grid system (shown in Figure 4) is 77,581.
Grid densities for this study are finer than those used by Rangwalla et at. (1992) who showed excellent agreement with data when calculating midspan total pressure loss for a 1 1/2 stage turbine. The grid dimensions in that study were 151 X 41 and 90 X 71 for the inner and outer grids respectively. The Re per inch based on inlet conditions was 100,000 and the blade pitch was 15.39 cm (6.06 in). In the current study, the Re per inch is 460,000 so the airfoil wakes should be slightly thinner which would necessitate a finer grid in the circumferential direction. However, the blade pitch in this study is 1.48 cm (0.583 in) or 9.6% of the blade pitch of the turbine analyzed by Rangwalla et at. Therefore, the authors
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believe that the grids used in this study were adequate to meet the objectives of the analysis. Assuming that the dissipation coefficients are constant, the loss can be estimated to be proportional to the difference in the u3 (Denton, 1993 When the vanes axe optimally indexed, these higher entropy regions from the first vane fill in between first rotor wakes at the second vane leading edge.
RESULTS

AND DISCUSSION
Total-to-total
This phenomenon can be seen in Figure 9 which The results from this numerical investigation show that the turbine airfoil indexing phenomenon is predictable and illustrates how to achieve this phenomenon in the hardware. Questions remain as to the exact mechanisms involved.
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